The North Pacific Groundfish Observer Programme (NPGOP) is one of the largest on-board fishery-monitoring programmes in the world, and the data are used extensively for both in-and post-season management of fisheries. Within certain limits, Alaskan fishers determine when and where to carry observers. There may be an incentive to fish differently during observed trips because (i) observed trips carry higher costs than unobserved trips, and (ii) bycatch quanta for quota deduction are estimated by applying bycatch rates from observed trips to retained catches on unobserved trips. Such differences may be manifest through the skewed deployment of observers among fisheries, i.e. a deployment effect, and through unrepresentative activities by fishers when an observer is on board, i.e. an observer effect. Despite long-standing concerns expressed over the NPGOP's 40-year history, evidence of deployment and observer effects have been based largely on anecdotal information. In 2008, database changes allowed a comparison of industry landing reports for trips with and without an observer. A deployment effect was evidenced by significant deviations from the expected landing ratios between observed and unobserved trips, and linear mixed-effect models revealed differences in the landed weight and evidence for an observer effect within two of five fisheries examined.
Introduction
Reliable catch statistics facilitate the management of fisheries using output controls (Pope, 2002) . Information on retained catch, such as total weight, species identification, and general information about the fishing area, may be obtained from industry sources such as logbooks or landing reports. More specific or sensitive information required for spatially explicit estimation of total catch, e.g. information on species discarded at sea, may be obtained reliably only from robust monitoring programmes such as those that employ on-board observers. The importance of these programmes cannot be overstated. The weight of discarded fish has been estimated at 25% of total worldwide catches (Alverson et al., 1994) , and the unrecorded catches attributable to unreported or illegal fishing activities have been reported to average 18% among exclusive economic zones (Agnew et al., 2009) . For observer data to be useful for fish stock management or assessment, they should be unbiased and representative of normal fishing operations. Underestimates of total removals jeopardize the future of the resource, while overestimates may inhibit future economic opportunities.
The North Pacific Groundfish Observer Programme (NPGOP) is one of the largest of its type in the world. In terms of observer effort, the NPGOP averages .35 000 sea-days annually. To protect against bias in observer-derived catch data, the NPGOP employs a hierarchical random-sampling design (Cochran, 1977) . The observers are instructed to randomize (i) the selection of fishing events to sample within a trip, (ii) when or where to sample within these events, and (iii) which fish within the sample are to be used for biological tissue collection (AFSC, 2010) . However, the selection of trips for observer coverage is not randomized and is under industry control at rates set by regulation. Catcher vessels must deliver their landings to shoreside processors. Vessels 60 -125 ft (18.28-38 .1 m) long, and those deploying pots are required to carry an observer during 30% of fishing days in each calendar quarter, including at least one trip for each fishery in which the vessel participates during that quarter. These vessels are referred to hereafter as the 30% fleet. All fishing trips are observed for larger vessels and none for smaller ones. Industry pays for the daily cost of an observer. For the 30% fleet, industry reports that contain the identity, weight, and disposition of landings are treated as the official record for retained catch, and observer data collected at sea are used to estimate the quantity of discards. The landings and at-sea discards together provide the estimated total catch within a fishery defined by gear, area, and primary species caught (see Cahalan et al., 2010 , for a complete description). Benoît and Allard (2009) demonstrated two basic ways that differences in observed and unobserved fishing events can be manifested. In the first, the selection of fishing operations to be observed is such that those trips are not representative of the population of trips. In the second, a change in the fishing behaviour of vessels when they are observed results in trips with characteristics, e.g. location, timing, and duration, that are not representative of unobserved fishing operations. Following the nomenclature of Benoît and Allard (2009) , the first is termed the deployment effect, and the second the observer effect. Although potential bias in catch estimates attributable to unrepresentative deployment of NPGOP observers within the 30% fleet has been a concern for some time (MRAG, 2000) , the incidence and the magnitude of either deployment or observer effects have largely remained conjecture. This study provides the first quantitative examination of these effects within the groundfish fisheries of Alaska, which in 2008 accounted for 20% of the value and 46% of the total retained weight of all fisheries in the United States (Hiatt et al., 2009) .
Methods

Fishery definition and data treatments
Fisheries were defined by primary species landed, gear types, and Fisheries Management Plan (FMP). FMPs are independent management zones designated by regional fishery management councils, the bodies responsible for managing fisheries in the United States. They include the Gulf of Alaska (GOA, located south of the Alaska Peninsula and east of longitude 1708W), and the Bering Sea and Aleutian Islands (BSAI). Gear types used in the Alaskan groundfish fisheries include trawl, pot, hook and line (also known as longline), and jig. As jig boats are not observed by the NPGOP, we decided to compare mobile-(trawl) and fixed-gear (hook and line, and pots) landings between observed and unobserved trips. Groundfish landings during 2008 by catcher vessels within the 30% fleet were obtained from the data clearing house, the Alaska Fisheries Information Network (AKFIN). For each trip, these records were used to determine the primary species in terms of weight and the FMP area in which most fish were harvested. The landing date determined the calendar quarter. Since 2008, the NPGOP database has included the identifier field "Landing Report ID". This common field facilitated linkage between the NPGOP and AKFIN data sources, allowing us to identify observed and unobserved trips within the AKFIN landings database and to quantify deployment and observer effects for the 2008 calendar year.
The deployment effect
The unit used to specify observer coverage requirements for the 30% Alaskan catcher fleet (days) does not match that actually used for deployments (trips). However, the trips can be compared if their duration is the same with and without an observer. Under this assumption, deployment effects were investigated by first noting the number of observed (O) and unobserved (U) trips in each of nine fisheries, and comparing the O/U ratio to 0.3:0.7 using exact binomial tests. Deviations from expected were interpreted as evidence of a deployment effect, leading to rejection of the null hypothesis that there is no difference between the actual and expected ratios. However, the chance of making a falsepositive or type-I error increases with the number of planned comparisons. To help control for this effect, a Bonferroni adjustment was used whereby significant a levels for each test were assessed using a family-wide error rate of a ¼ 0.05, or a (test) ¼ 0.05/n, where n is the total number of exact binomial comparisons.
The observer effect
For each fishery, generalized linear mixed-effect models were used to examine the relationship between landed pounds (i.e. weights) and a suite of factors. The general equation for the model (for each observation i) used in this analysis can be expressed as y
where y is the landed pounds, l the Box -Cox power-transformation parameter, a the intercept, X the matrix of fixed-effect explanatory variables, b the vector of fixed effects, V a vector of fixed coefficients that describe how the response variable depends on the random effects, b the vector of random effects for vessels, and 1 i the model error. Both the error and the random effects were assumed to be independent and normally distributed. Fixed effects (those that influence the mean of the response) included vessel length in feet (VL), calendar quarter (QTR), whether or not a trip was observed (OBS), and where appropriate, the gear type. In models where QTR could not be used as a fixed effect owing to a lack of both observed and unobserved trips, comparisons were made between FMPs. As trips are made on vessels, any one of which may operate in multiple fisheries involving different factors, the term vessel was included as a random effect. Therefore, the only difference in the configurations examined for each fishery was the number of fixed-effect explanatory variables included in each model.
As the observer data collected in this study represent samples of opportunity, in the strictest sense, the investigation of an observer effect is an example of data dredging (e.g. there were no controls, and data divisions and factors were determined post hoc). Unlike traditional hypothesis testing, a multimodel inference approach allowed evaluation of a set of likely models with and without observer effects, and assessment of the relative weight of evidence for and against an observer effect in each fishery. A small sample bias-adjusted Akaike's information criterion (denoted AIC c ) was used to identify the best approximation among models (i). AIC c is calculated by adding a penalty term to AIC, so that AIC c ¼ AIC + 2 K(K + 1)/(n 2 K 2 1), where K is the number of parameters, and n is the number of observations in the model. A quantity DAIC c among all the models. Candidate models were defined as those with DAIC c values less than two units, following the general guidelines of Burnham and Anderson (2002) . The model with the smallest number of parameters K among the candidates was considered to be the best approximating model. Evidence ratios were used to determine the relative value of candidate models. These were calculated by dividing the Akaike weight of the AIC c min model (w min ) by that of the candidate model i, i.e. w min /w i where
, and M is the number of models examined. Inclusion of the factor "Observed" in the best approximating model was interpreted as the strongest evidence of an observer effect. Although our approach does not always select the most parsimonious model as the best approximating model among the candidates, it is conservative against making a type-I error with respect to the observer effect which would occur if the "Observed" factor were included falsely in a single best-approximating model. For complete evaluation of results, the landed weight was plotted against all the factors in the model corresponding to AIC c min . All analyses were performed using the R programming language and associated statistical and graphing packages (R Development Core Team, 2010) .
Results
The deployment effect
In all, 31 exact binomial tests were performed to assess whether observer deployment into the fisheries followed a random pattern or not (the latter is evidence of a deployment effect). Using a type-I error rate of 5% (a ¼ 0.05) for each test, based on chance alone we expected to find only two significant values of p, but in fact we found eight (Table 1) . Alternatively, applying a Bonferroni-adjusted type-I error rate (0.05/31 ¼ 0.0016), we expected no significant differences, but three are evident in Table 1 . We conclude that there is a real deployment effect in the catcher fleet examined.
The observer effect
Using Box-Cox l values as a guide, data were square-root transformed for all fisheries, except for arrowtooth flounder, which was not transformed. Our analyses found evidence of an observer effect within the fixed-gear sablefish (Anoplopoma fimbria) fishery. The AIC min model was the best approximating model in this case, with an AIC weight (w i ) of 0.516 compared with 0.041 for the closest structured model without an observer effect. The evidence ratio between the two models (12.6) suggests substantial support for an observer effect (Table 2) . It is therefore reasonable to conclude that observed trips in the fixed-gear sablefish fishery landed fewer pounds than unobserved trips (Figure 1) . The relationship between landed pounds and vessel size differed between FMP areas; negative and positive slopes were evident within the GOA and the BSAI, respectively. The negative slope in the GOA was caused by two unobserved trips on a larger vessel, and these points are responsible for the interaction between vessel length and FMP among candidate models (Table 2) . A post hoc analysis omitting these data, to evaluate their effect on the strength of our conclusions for the observer effect, resulted in no substantial changes in the AIC weights or in the evidence ratios among the candidate models.
The evidence did not indicate any substantial observer effect within the next three fisheries examined (Table 2) . Although the AIC min model for the fixed-gear Pacific cod (Gadus macrocephalus) fishery did contain an observer effect, the AIC weights only weakly supported its inclusion (w i ¼ 0.392 in the AIC c min model vs. w i ¼ 0.308 for the model excluding the observer effect). The evidence ratio between these two models was only 1.3, suggesting no substantial evidence for an observer effect in this fishery (Table 2) . A similar result was observed in the Pacific cod trawl fishery; the w i values were 0.271 and 0.246 for the models including and excluding an observer effect, respectively. The evidence ratio between the two models was only 1.1 (Table 2 ). For the arrowtooth flounder (Atheresthes stomias) trawl fishery, AIC c min was the best approximating model; it did not contain an observer effect. The w i for that model was 0.441, whereas for the next best model containing an observer effect, it was 0.280 (Table 2 ). The weight of evidence does not suggest an observer effect in the arrowtooth flounder trawl fishery.
An observer effect was evident within the rock sole (Lepidopsetta bilineata and L. polyxystra) trawl fishery. The best approximating model for that fishery was also AIC min , and it contained an observer effect ( Table 2) . The w i for that model was 0.416 compared with 0.077 for the next best without an observer effect. The evidence ratio between these two models was 5.4, supporting the conclusion that landings of trawled rock sole from observed trips were less than those from unobserved trips. This effect was especially evident within the second quarter (Figure 2 ).
Discussion
Both deployment and observer effects were evident in this study, and the findings for the first time validate long-standing concerns that NPGOP observer data are vulnerable to bias within the 30% fleet. With respect to the deployment effect, there appears to be compensatory behaviour by the fleet to meet its requirement to have 30% of days observed in each quarter. For example, observed trips were more frequent than expected within the BSAI, and fewer than expected in the GOA within the fixed-gear sablefish and Pacific cod trawl fisheries, respectively. Between trawl fisheries, the number of observed trips was greater than expected for walleye pollock, and less for the Pacific cod and arrowtooth fisheries. When these results are applied broadly to the entire 30% fleet for the year, the distribution of trips among fisheries observed by the NPGOP did not represent that of the unobserved trips. Evidence for an observer effect was present within the fixed-gear sablefish and trawl-gear rock sole fisheries. Direct comparison of the results with others is difficult, however, because many studies have not accounted for individual vessel-level effects in their analyses. In the comparable study of Benoît and Allard (2009) , the landed catch of targeted species was generally less on trips with an observer than those without one. Under the assumption that the fishers studied by Benoît and Allard (2009) landed more weight of target than non-target species, our results are identical to their findings.
Although deployment and observer effects may be manifest in many ways, there are two that deserve particular attention: misrepresentative areas and times fished, and misreporting of actual catches. If the catch per day can be considered constant, then one explanation for the results here is that trip durations may be shorter when a vessel is observed than when it is unobserved. However, Wigley et al. (2007) found that observed trips were slightly longer and more variable in duration than unobserved trips in the northeastern United States. Moreover, their results indicated that the industry may not report the real fishing effort accurately. In the Alaskan groundfish fisheries, industry pays the observer costs at a daily rate, so vessels with low profit margins may be tempted to reduce observer costs and fish at nonrepresentative times and/or in non-representative areas. Indeed, analyses of observer tows-events where fishers had admitted to an NPGOP observer to be fishing to meet the mandated requirements for observer coverage-have shown that separate shortduration gear soaks are made immediately before and after midnight, hence achieving 2 days of mandatory coverage for ,24 h of effort (NPFMC, 2008) . Although the areas fished by Alaskan groundfish vessels have not been compared formally between unobserved and observed trips, differences have been found in similar comparisons conducted in the nearby British Columbia trawl fishery (Branch and Hilborn, 2008) .
Two regulations may be contributing to the observer effect. First, it may result where there are illegal discarding of fish species or sizes of lesser value during unobserved trips, and the practice is inhibited by the presence of an observer (Allard and Chouinard, 1997) . Alaskan regulations specify that in the hook-and-line sablefish fishery, it is illegal to discard sablefish of any size if the vessel has some quota available (the fishery is managed by individual fishing quotas). One regulation set a premium price for fish of a certain size and quality (higher for larger fish). Therefore, economic gain by vessels is maximized by illegally discarding smaller sablefish for larger ones once a quota has been reached during a trip. This so-called highgrading would be reduced in the presence of an observer. Although fish size distributions were not explicitly examined in the current Horizontal lines denote median landings, and dots are point estimates from the models. study, our finding that observed trips landed fewer pounds than unobserved trips in the 30% fleet warrants further examination into the possibility of highgrading taking place in the fishery. A second regulation prohibits catcher vessels from discarding pollock, cod, and shallow-water flatfish in the GOA, as part of the programme to improve the retention and utilization of fish. In cases where the value of those species is less than that of the targeted species, the required retention may lessen the economic gain for a trip, which would incentivize fishers to shorten observed trips. This is a possible explanation for our finding that observed trips landed fewer pounds than unobserved ones in the rock sole fishery.
There are reasons for caution before the results of this study are broadly applied to describe the general behaviour of the Alaskan catcher-vessel fleet. The first is that we only examined a single year of data, and perhaps the nature of observer bias may change over time. For example, comparisons between reported landings and observer-based estimates of annual retained catches for two Australian fleets were biased in only one of 3 years (Liggins et al., 1997) . Second, as fishery openings and closings in Alaska do not follow the quarterly structure governing observer coverage, it is acknowledged that the use of quarter as a meaningful fixed effect is less than satisfactory for capturing the nature of catcher-vessel fisheries accurately. However, it can be argued that the current regulatory structure governing the Alaskan observer programme (in which industry dictates which trips are to be observed within a quarter) has facilitated a significant deployment effect, and in some cases, a significant observer effect in the 30% fleet.
Unlike smaller observer programmes operating in Europe (Stratoudakis et al., 1998) , Canada (Benoît and Allard, 2009 ), Australia (Liggins et al., 1997) , and other fisheries and regions in the United States (Rago et al., 2005; McCracken, 2008) , the deployment of groundfish observers in the Alaskan 30% fleet does not facilitate direct exchangeability between observed and unobserved units. The National Marine Fisheries Service (NMFS) uses a combination of landing reports and observerderived discard rates that are aggregated at various levels, depending on the data available, to estimate the total catch (Cahalan et al., 2010) . This system utilizes model-based ratio estimators as well as imputation routines. The latter ensure that observer data for a particular vessel type, fishing area, and gear combination are used to generate bycatch rates for unobserved fishing events with similar characteristics, so helping to reduce the potentially negative effects of bias in observer data. Possible alternatives to the current catch accounting system (CAS), such as the use of designbased estimators, have been explored and proposed (Vølstad et al., 1997; Miller et al., 2007) . Despite these past activities, however, it is difficult to gauge the relative performance of different estimators in the CAS without simulation of the CAS itself. Hence, whereas observer data have been expanded to estimate total catch and compared against industry reports to show evidence of misreporting elsewhere (Bremner et al., 2009) , our analyses were limited to retained catch only. As discard estimates for unobserved fishing events are derived from observer data, the former and latter cannot be compared as independent estimates. However, our analysis of the retained portion of the catch strongly suggests that there would be greater observer effects if independent estimates of total catch from observed and unobserved trips were to be compared.
Perhaps the greatest challenge to the NPGOP and to the NMFS has been to gain control over where and when at-sea observers are deployed in the Alaskan groundfish fishery. The terms governing observer coverage in the Alaskan 30% fleet (days per quarter), fixed in regulations for well over 20 years, do not easily relate to those that should logically be used for observer deployment (trips). In contrast, randomization of trips to be observed (regardless of total days) with an adequate sample size would help reduce the potential for spatial and temporal bias in the coverage of fishing events. As demonstrated elsewhere, the implementation of mandatory pre-departure notifications, i.e. a call-in system, can significantly improve the likelihood of achieving this result (Benoît and Allard, 2009 ). In October 2010, the North Pacific Fishery Management Council voted unanimously to restructure the NPGOP, enabling the NMFS to deploy observers on fishing vessels without on-board processing facilities, according to an official survey design. A new NPGOP sampling design incorporating the elements described above could be in effect by 2013 if start-up financing from the NMFS is achieved .
